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| SSUE

What is the best use of conpensation hatcheries located in natura
production areas for threatened salnon, and the fish returning to
these facilities?

BACKGROUND

Five of Idaho's chinook hatchery prograns are |located in inportant
natural production areas for spring and sumer chinook sal non
listed for recovery under the auspices of the Endangered Species
Act (ESA). Sawooth Hatchery includes the upper Salnon River and
East Fork Salnon River progranms, and MOCall Hatchery the upper
South Fork Salnon River program Both hatcheries are part of the
Lower Snake R ver Conpensation Plan (LSRCP). Pahsinerol and Rapid
River hatcheries are part of The Idaho Power Conpany (1PC
mtigation. These hatcheries were constructed to conpensate for
fish | osses from hydropower devel opnent on the |ower Snhake River
(LSRCP) and Hells Canyon reach of the Snake River (I1PQ
Broodstock for Rapid R ver Hatchery was derived from chinook that
are not native to the Rapid R ver drainage. This distinction makes
Rapid River Hatchery inappropriate for much of the approach
outlined in this issue paper. Broodstocks for the other four
hat chery prograns were derived primarily from | ocal stock endemc
to the natural production areas where the hatchery prograns
operate. These stocks may al so include genetic nmaterial from non-
endem c chinook resulting from stock transfers (Bowes and
Leitzinger 1991).

The approach for mtigation was to spawn and rear a portion of the
historically productive |ocal broodstock to produce a |arge nunber
of snolts to conpensate for lost snolt production (IPC) or reduced
snolt-to-adult survival (LSRCP) from hydropower devel opnent.
Annual broodstock managenment included retaining 67% of unmarked
adults for hatchery production, up to escapenent needs, and passing
33% of wunmarked adults to spawn naturally. This strategy was
inplenmented in an attenpt to reduce donestication effects and
maintain long term fitness of the locally evolved stock. All
mar ked adults (0% to 25% of total) were retained and incorporated
into the hatchery broodst ock.

By the late 1980s it becane evident that Snake River basin
mtigati on/ conpensation hatcheries were falling dismally short of
mtigation objectives for chinook salnmon (Herrig 1991). Even if
significant inprovenents were nade in fish health and husbandry,
meeting mtigation expectations was highly unlikely until mainstem
survival conditions were inproved (Cannanela 1992). In addition,
managers were concerned with continued erosion of natural
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production and the potential effects of these conpensation prograns
on stock identity and natural productivity. Prelimnary genetlc
monitoring studies have not detected obvious differences Dbetween
hat chery and naturally reared fish (Waples et al. 1993, WMarshal
1993), although pre-hatchery genetic information is not avail able.
Anal ysis of spawni ng escapenent data from before and after hatchery
production began shows that nore adults are returning to these
production areas than would be expected wthout hatchery
contributions (Appendix A). This hatchery benefit has only slowed
the decline of total chinook production in the upper Sal non River,
whereas in the upper South Fork Salmon R ver the hatchery benefit
has actually increased total production. Although the  hatchery
prograns are providing an adult-to-adult survival advanta?e, It was
recogni zed that a greater enphasis needed to be put on the purely
natgr?!t conponent of the local stock to insure its long term
viability.

In response to this concern, additional conservation neasures were
i npl emented and natural production objectives becane the driving
force of conpensation progranms (Bow es and Leitzinger 1991, |DFG
1992). These prograns utilize nodified broodstock strategies,
suppl ementation, naturally oriented rearing and rel ease strategies,
and intensive nonitoring and evaluation to help neet conservation
objectives. Beginning with brood year (BY) 1991, all hatchery
chinook were externally marked prior to release. By 1995, all but
3-ocean returning adults will be distinguishable into three groups:
naturally reared fish (unmarked), hatchery reared fish for
suppl ementation (pelvic fin clip) and hatchery reared fish for
reserve production (adipose fin clip).

OBJECTI VES OF COVPENSATI ON HATCHERI ES

Chi nook  hatcheries in Idaho were constructed with the goal of usin
artificial production to provide harvest opportunities |ost throug
hydr opower devel opnent. estoring_f'sheries remains an inportant

roduct of recovery_gldaho Code, Title 36) Managers now recogni ze

hat the assunmed mtigation benefits expected from these upper
basi n hatcheries cannot be realized until juvenile chinook survival
agggygh the mai nstem hydrosystem is inproved (Petrosky and Shaller

I nterim conservation objectives for these areas with mtigation
hatcheries are to wutilize natural and hatchery production to
mai ntain as nmuch locally evolved genetic material as possible unti

system i nprovenents allow for legitimate recovery (IDFG 1992). The
overriding priority is recovery of sustai nable naturally
reproduci ng chi nook populations. This is not only vital to the
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preservation of the chinook species, but also the foundation for
sust ai nabl e harvest opportunities in the future.

OPTI ONS

There are several basic options regarding use of facilities and the
three groups of returning adults in an attenpt to neet conservation
obj ecti ves.

1. Shut down hatchery facilities and allow all returning adults
to spawn naturally.

2. Alow all wunmarked fish to spawn naturally and retain all
mar ked fish for hatchery production.

3. UWilize the hatchery to supplenent naturally spawning fish
preserve genetic material and maintain viable popul ations.

4. Retain all fish for hatchery production.

Each of these options nust neet the interim objective to naximze
effective size of the locally evolved population. This objective
has several facets: maximze the nunber of fish retaining |oca
genetic characteristics, optimze utilization of natural spawning
and rearing habitat, and mnimze adverse inpacts to adjacent
popul ati ons.

Several basic assunptions nust be nmet to mnimze risk and
successfully integrate hatchery and natural production systens.

— Hatchery reared fish have an adult-to-adult survival advantage
over naturally reared fish

— Mning of natural fish for hatchery broodstock does not reduce
the effective population size below critical level or result
in loss of wthin popul ation diversity.

— Release of hatchery reared fish does not swanp the natura
target population and reduce within population diversity or
alter population identity, and does not swanp non target
natural populations through straying and |loss of anong
popul ation diversity.

- Hatchery practices do not pronote genetic drift and artificial
selection, which my cause l|loss of wthin population
diversity and popul ation identity.
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— Hatchery practices and products do not inpair the natural
behavi or or health of the locally evol ved stock.

- Mnitoring and evaluation has adequate power to resolve
critical uncertainties, contain risks and allow managers to
adapt the program accordingly.

APPROACH

Sust ai nabl e recovery of the nunber and inherent diversity of
naturally reproducing chinook is only possible by inproving
mai nstem juvenile mgration conditions (Petrosky and Shaller 1993).
O her options, such as artificial propagation and habitat
i nprovenent, may be inportant but are limted in potential benefits
and focus on enhancing only a small portion of the natural
gggggsity structure (Kapuscinski et al. 1991, Bow es 1992, RASP

Wthin this constraint, managers have recognized the potential
benefits supplenentation may provide as an interim neasure to stem
the decline of naturally reproducing populations (CBFWA 1990,
CRI TFC 1990, | DFG 1992, NPPC 1993). Exi sting
mtigation/ conpensation facilities provide a unique opportunity to
assess the utility of supplenentation. Risks are nore nanageabl e
and acceptable in these areas because natural populations have
al ready been influenced by hatchery production.

W believe using these conpensation/mtigation hatcheries in a
manner that successfully integrates natural and artificial
production is the best option for neeting conservation objectives.
This decision is based on the assunptions that the criterita |isted
above for successful integration can be net, and that all three
groups of chinook salnmon returning to these production areas are
inportant to recovery (i.e., locally evolved genetic material is
relatively intact and represented in both hatchery and naturally
reared fish).

The unmarked naturally reared group is our top priority, and afford
the highest protection and care. Qur second priority is the
suppl ementation fish reared in a hatchery to enhance natural
production. Natural fish make up at least half of this group's
parents, and they are genetically simlar to the unmarked group.
The last group of fish are the "reserve" fish, which are third In
priority but still inportant. This group is the closest genetic
material available, should the natural and supplenentation fish
col | apse. The reserve bank may play a vital role in avoi ding severe
bottl enecks from stochastic events and natural variability.
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How do we best wutilize these three groups to attain optinal
conservation benefits wthout causing unacceptable risks? As
stated, the primary enphasis should be placed on the unmarked
naturally reared adult returns. This is the target group and true
nmeasure of recovery success. Cenetically conservative criteria
should be established to protect these fish and quide
suppl ementation efforts. These criteria and the response of this
group of fish should drive the entire program -- not hatchery
capacity, egg availability or harvest consi derations.

Managenent of supplenentation fish should not conprom se these
natural production criteria. The nunber of natural fish determ ne
how many supplenentation fish are integrated into the naturally
rearing and reproducing group. The nunber of natural adults also
determ nes the size of the supplenentati on broodstock, which shoul d
be conprised of at least 50% natural fish. This supplenmentation
broodstock is the "bank" wused to rebuild the naturally spawning
group, but at a rate that avoids swanping (e.g., "50:50 rule",
hatchery reared fish spawning or rearing 1n the natural habitat
shoul d not exceed the nunber of natural fish).

The third group of fish serves as a "reserve bank" to preserve
locally evolved genetic material and augnent natural production
during severe bottlenecks when the natural and supplenentation
groups drop bel ow established thresholds for population viability.

This group, which has prinmarily hatchery-by-hatchery (HkH parental

crosses, is only wuseful in this role if It naintains genetic and
ecological simlarity to the local naturally spawning group, and
does not conpromse adjacent naturally spawning populations from
straying. Fish culture and nonitoring activities should all focus
toward neeting these denmands.

MANAGEMENT COF FI SH GROUPS

V¢ have developed criteria to guide the managenment of these three
inportant groups of fish (Table 1). These criteria reflect current
conservati on concepts and standards within the Col unbia River Basin
(CBFWA 1990, Kapuscinski et al. 1991, RASP 1992, Hard et al. 1992,
NPPC 1993), but are understandably conceptual. Refinenent of these
standards through quantitative nodeling and experinmentation 1is
necessary but, until this is done, we have chosen to err on the
si de of conservancy.



Table 1. Conservation framework for management of three groups of chinook salmon returning to compensation hatcheries in Idaho.

FISH GROUP

Natural-Reared

Preserve natural productivity and
diversity as unique components of
chinook species, and foundation for
harvest opportunities

Hatchery-Reared

Supplementation

Reserve

Purpose
Increase natural production of local

populations without impairing natural
productivity

Priority

Maintain/enhance effective size of local
genetic material and augment natural
production when at critical levels future

First

Second
ESA Designation

Third

Listed

Listed

Adult Allocation

Listed

>67% allowed to spawn naturally

<33% retained for supplementation
broodstock

Fish allowed to spawn naturally cannot
exceed number of naturally-reared
spawners

Remainder of fish retained in hatchery
for supplementation broodstock

Broodstock

None allowed to spawn naturally, unless
natural and supplementation spawners are
below critica threshold

Remainder retained for "reserve bank’
broodstock

>50% natural origin

<50% hatchery origin (supplementation
fish)

> 50 % natural origin

>50% hatchery origin (supplementation
fish)

Nearly 100% hatchery origin

Small portion (3%7?) natural origin, to
avoid genetic drift

Note: male natural gametes may be
adequate

Spawning
Natural Non-selective for size, age, origin Non-selective size, age
1:1 sex ratio 1:1 sex ratio
Factorial crosses, if hecessary Factorial crosses, if hecessary
Rearing
Natural Separate from reserve fish Separate from supplementation fish

Natural-oriented techniques
Natural growth schedule

Innoculation and treatment

Marking

Natural-oriented techniques
Natural growth schedule

Innoculation and treatment

Up to 2,000 PIT tagsin parr, presmolts,

or smolts

100% pelvic fin clipped
>500 PIT tags

100% adipose fin clipped
Portion CWT for U.S. v. Canada
> 500 PIT tags



Table 1. Continued.

FISH GROUP

Natural-Reared

Hatchery-Reared

Supplementation

Releases

Reserve

N/A

Volitional or timed to coincide with
natural emigration

Off-station releases scattered throughout

target natural production areas.

Parr releases cannot exceed natural parr

numbers and carrying capacity

Fall presmolt and smolt releases should

represent adult equivalents expected from

natural production

Harvest

Volitional or timed to coincide with
natural emigration

Acclimation where feasible

Smolt or fall presmolt stage

None targeted

None targeted

Monitoring and Evaluation

Utilized as a tool to maintain spawning
escapement below thresholds established
for straying and rearing criteria

Same as supplementation fish, except:

Genetics
Health

Juvenile abundance/density

Juvenile distribution and habitat
utilization

Emigration characteristics

Adult run/spawner characteristics:
Number
Age structure
Sex ratio
Run timing
Spawning distribution and timing

Survival characteristics:
Prespawn
Egg to parr
Parr to emigrant
Emigrant to smolt
Smolt to adult

Genetics
Health

In-hatchery performance and survival
Release characteristics:

Size

Location/date

Method
Post-release behavior and distribution

Adult run/spawner characteristics

Straying into non-target areas

Post-release survival characteristics:
Release to smolt
Smolt to adult
Prespawn

Adult escapement to Lower Granite
Dam
to predict rack returns

N:\BOWLES\FOEB398R
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Naturally Spawni ng Adul ts

The role of natural fish is to preserve the natural productivity
and diversity that make these locally evolved fish vital to the
per petuation  of the chinook species and future harvest
opportunities.

- At least 67% of naturally produced adults (unmarked) from
throughout the run should be allowed to spawn naturally. This
mnimzes the risk of "mning" and subsequent [|oss of
effective natural spawners bel ow acceptabl e | evels.

— At least 50% of adults spawning naturally should be of natural
origin (unmarked). Adult returns from the supplenentation
group can be wused to nake up the remaining 50% of fish
spawni ng naturally. This criteria mnimzes the risk of
"swanpi ng" and subsequent |oss of wthin popul ation diversity
and population identity. This «criteria should only be
conprom sed when nunbers of natural and supplenmentation fish
fall below thresholds where risk of extinction from stochastic
events or genetic bottl enecking overrides risk of swanping.

In this situation, the 50:50 rule would be violated to
maintain a mnimum popul ation level, utilizing fish from the
genetically simlar "reserve" bank.

- Harvest should never target naturally produced fish until
recovery i s secure.

Suppl enent ati on Fish

The role of these fish are to utilize the survival advantage gai ned
in the hatchery to increase the nunber of fish available to spawn
naturally. These fish will be integrated directly with the natural
fish, so success is dependent on these fish remaining genetically
and ecologically simlar to the natural fish

The nunber of fish reared for supplenentation should be
determ ned by natural fish escapenent and the 50:50 rule to

mnimze risk of "swanping". |f supplenmentation fish are
released as parr, their nunbers should not exceed the number
of natural parr or rearing capacity of the habitat. |If

suppl enentation fish are released as snolts, their nunbers
should be designed to bring back only as nany adults as
anticipated fromnaturally reared fish.
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— Spawning and rearing strategies should focus on mnimzing
genetic and behavioral divergence from the target popul ation
bei ng suppl enent ed.

- At least 50% of the supplenentation broodstock should be
comprised of unmarked adults that were reared in the

nat ur al envi ronnent . The r emai ni ng 50% of t he
suppl ementati on broodstock can be conprised of hatchery
reared fish (marked). This criteria wll help avoid

donestication, genetic drift, and loss of effective
popul ation si ze.

— Rearing strategies should be designed to circunvent
random natural nortality events, but mmc selective
natural nortality events.

— Release strategies should be designed to mnimze first
generation interaction and "swanping® effects (e.g., release
at snolt stage, distribute releases throughout target natural
production area, parr or presnolt releases should match
natural fish size, good health).

— Harvest should not target these fish until recovery is secure.
Reserve Fi sh

The role of reserve fish is to maximze locally evolved genetic
material available to recovery, and provide a reserve "bank" to
augnent nat ur al production if |l evels drop below critical
thresholds. This latter need may result from stalled recovery
actions, stochastic environmental events, or natural variability.
To serve this function, reserve fish nust renain genetically and
ecologically simlar to the target population, and nust be

maintained at levels that wll not adversely inpact target and non
t ar get Dopul ations through straying and interactions. The
challenge 1s to maintain as nmuch reserve as possible wthout
genetic drift, inadvertent hatchery selection and donestication,
and without harm to adjacent natural populations. This challenge
is accentuated because the reserve group wll be predomnantly HxH
Crosses.

Mnimze Genetic Drift

The reserve group currently has simlar genetic and ecol ogical
characteristics as the target natural population. This simlarity
results from an inability to differentiate hatchery and natura
returns and broodstock strategies pronpoting constant and thorough
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m Xxi ng. _ As marked fish return and differentiation becones
possi bl e, risk of genetic drift also increases.

To avoid random genetic divergence, ganmetes from natural origin
adults should be infused into the reserve group at a rate designed
to maintain drift within acceptable detection Iimts. This rate of
infusion can be quantified based on genetic nonitoring of each
group of fish. Initially, the rate should be quite low (<3%
because the groups are genetically simlar. As multiple
generations of reserve fish occur, the infusion rate will l|ikely
increase to maintain this simlarity.

The rate of infusion to avoid genetic drift nay determne the
maxi mum nunber of reserve fish to propagate. Qur top priority is
natural fish and only a limted nunber of natural fish can be
"mned" to maintain the integrity of the reserve fish. Innovative
techni ques, such as partial male spawing prior to release above
the weir, may help reduce this constraint.

Avoi d Donestication and I nadvertent Hatchery Sel ection

Natural oriented rearing techniques should be utilized to mnimze
i nadvertent hatchery selection and avoid behavior nodifications
that may result 1n adverse interactions wth natural fish
(Cannanel a 1993, RASP 1992, Bow es 1993). CQur ability to culture
fish to nmeet these specifications may also determne the maxi num
nunber of reserve fish to propagate (e.g., |low density).

M nim ze Adverse I nteractions

Al t hough maxi m zing effective population size is inportant, it is
also vital to maintain nunbers and quality of this reserve group at
levels that will avoid harnful straying, disease transm ssion, and
genetic and behavi oral divergence.

To contain risk of straying, managers shoul d:

1) establish acceptable straying rates based on genetic
simlarity, potential outbreeding depression, |oss of anong
popul ation diversity and popul ation identity;

2) develop and incorporate release strategies that naxinmze
return integrity (e.g., inprinting cues, accl i mati on,
snoltification, etc.);

3) Mnitor straying and |imt production of reserve fish to
mai ntain straying within specified [imts.

9
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To contain risks of disease transmssion, health managenent shoul d
i ncorporate state-of-the-art prophylactic and therapeutic
techniques. Strategies to contain risk of genetic and behaviora
di vergence were discussed above and include conservative broodstock
managenent and natural oriented rearing techniques.

Managenent of Reserve Fish Nunbers

Managi ng levels of reserve fish to avoid unacceptable risk to
natural production is vital to the success of the program
Qobviously, the upper limt of fish naintained in the reserve bank

will not necessarily be determned by hatchery capacity.
Quantifiable limts are currently lacking, but may be bel ow
facility capacities. Until uncertainties are better resolved,

initial criteria should err on the side of the natural conponent
and mai ntai n conservative nunbers of reserve fish.

Production can be nmanaged to mnimze surpluses in nost years.

Managing at levels that will never produce surpluses is risky and
undesirable because of high annual variability in system
productivity. Managenent contingencies nust be in place to handl e
potential escapenent surpluses of reserve fish that variable system
productivity nay cause.

Ohe option for surpluses is to spawn all reserve fish and di spose
of eggs in excess of established criteria. This approach is
undesirabl e because it fails to remove surplus fish before straying
ef fects occur.

Fisheries may be the nost effective tool for managi ng spawnin

escapenent of reserve fish. Fisheries can renove surplus fis

prior to straying and thus keep straying rates into adjacent
drai nages at acceptable |evels. This approach would also allow
exercise of lawful harvest privileges and responsibilities during
the recovery pr3cess. Harvest would be apﬁroprlate during years
when returns of reserve fish are high enough to cause unacceptabl e
risk from straying, hatchery rearing capacities, and criteria
relating to fish quality and behavi or.

This_apProach represents a substantial conceptual shift fromthe
original mandate for construction of mtigation/conpensation
hat cheries. The shift is from managi ng production as a tool for
harvest, to managing harvest as a tool for production. A though
this represents a conceptual shift, in practice the shift is muc

| ess substanti al . Severe systemconstraints (i.e, mainstem
survi val bottl enecks) have precluded | egitimte harvest
opportunities since 1978. Conpensation facilities have typically

10
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operated in a conservation node well below capacities, attenpting
to maintain the maxi mum nunber of adult chinook possible until
system survival inprovenents are made.

UNCERTAI NTI ES

Successful utilization of harvest as a tool to manage production is
dependent on several assunptions.

1. Run size of reserve fish can be predicted accurately and
wi th enough sensitivity to inplenent harvest strategies.

2. Harvest can be selective for reserve bank fish.

3. Catch and release of natural and supplenentation fish can be
managed at | ow enough levels to avoid unacceptable prespawn
nortality and behavioral changes (e.g., tenporal or spatial
shift in spawning).

4. ESA guidelines are flexible enough to acconmpdate harvest of
listed fish, recognizing that |ack of harvest during high
return years may result in unacceptable risks to recovery.
Note: Although predom nantly HxH crosses, the reserve fish
woul d be "listed" because of periodic incorporation of natural
fish to avoid genetic drift.

Federal regulations for conservation of threatened species my
provide for direct take (16 USC, 1533 d). The Ninth G rcuit
Court upheld regulations which authorized "a «carefully
controlled and Ilimted sport hunt of grizzly bears in
desi gnat ed geographical regions..." (Christy v. Hodel 857F. 2d
1324, 1988). Permtting limted sport hunting in particular
areas was consistent with the goal of conserving the species.

Nunerous other uncertainties exist which preclude conpletely
confident and risk free integration of conpensation/mtigation
prograns into the recovery process. Sone of these include:

— Can routing fish through a hatchery environment provide an
adult-to-adult survival benefit over allowng fish to spawn
and rear in the natural environnent?

- Can spawning, rearing and release strategies be inplenented
to insure long termgenetic and ecological simlarity between
hat chery and natural fish?

11
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- How nuch and how frequent nust natural genetic material be
introgressed with reserve fish to avoid genetic drift?

- What are acceptable straying rates (as a percentage of |ocal
escapenent) into non-target production areas?

— Can straying rates be maintained within acceptable levels by
limting production of the reserve fish and wutilizing
appropriate rel ease strategies?

MONI TORI NG AND EVALUATI ON

anitorinﬁ and research should be designed and inplenmented to
resol ve these uncertainties and identify unacceptable risks. W
bel i eve the uncertainties and risks associated with this approach
are manageable within a nDnltorln? and eval uation program so that
| npl enentati on can proceed. This feedback Ioog_alloms the program
to adjust accordingly if risks becone too high or success too
unrealistic. Mich of the structure for nonitoring and eval uating
I S alrea%i)ln pl ace in Idaho through the |daho Supplenentation
Studi es éa w es and Leitzinger 1991) and LSRCP Hatchery Eval uation
Study (Cannanel a 1993).

| MPLEMENTATI ON

The underlying premse supporting this approach is that all three
groups of fis natural, supplenentation, reserve) returning to
upper basin production areas are inportant to maintain recovery
options. If this premse is accepted, we believe this aPproach i's
the nost |ogical and effective way to preserve the |locally evol ved
popul ation until mainstem hydrosystem constraints to productivity
are renedi ed and recovery occurs.

For this approach to be feasi bl e and successful, several conditions
nmust be net.

— Ongoing mtigation/conpensation prograns provide at |east a
slight adult-to-adult survival benefit over naturally reared fish.

— The natural production area is not currently limted by
spawni ng or rearing habitat.

- External differentiation is possible anong natural,
suppl enmentati on and reserve fish

12
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— Hatchery and natural fish currently share simlar genetic and
ecol ogi cal characteristics.

- Spawning, rearing and release strategies are inplenented to
mnimze risk of i nadvertent  hatchery selection and
donestication, and pronote natural behavioral characteristics.

— Intensive nonitoring and research is in place to allow
individual prograns to adjust as uncertainties are resolved and
risks identified. This should include:

— genetic characteristics/profiles of both hatchery groups,
natural target fish, and adjacent natural popul ati ons;

— straying rates;

— tenporal and spatial spawning distributions;

— health status and di sease transm ssion;

— hatchery/natural interactions;

— hatchery and natural |life history characteristics; and

— hatchery and natural survival coefficients.

Fish managers in ldaho began recognizing the need to shift to this
approach in the late 1980s and are thus in a good position to neet these
considerations for all upper basin chinook hatcheries |ocated in critical
natural production areas. Ongoing nonitoring and research prograns
are already in place to neet the mgjority of evaluation
requi renents. These prograns have been designed to provide adequate
anal ytical power to detect adverse effects and allow managers to
adj ust accordingly.

Scenarios 1 through 3 in Appendix B illustrate hypothetica

inplenentation of this approach to conpensation hatchery managenent
within the recovery framework

13
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Appendix A. Analysis of chinook escapement before and after hatchery influence to assess
benefits from McCall and Sawtooth fish hatcheries.
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| DAHO DEPARTMENT OF FI SH AND GAME
Fi sheri es Research
1798 Trout Road, Eagle, 1D 83616-5661
Tel ephone 939- 6709/ Fax 939- 6808

February 1, 1993

MEMORANDUM

TO S. Kiefer, V. More, S Yundt, D. Pitman, S. Huffaker, B. Hutchinson
T. Rogers, C. Petrosky, D. Anderson, J. Lukens

FROM Ed Bow es, Paul Sankovich

SUBJECT: Hat chery Benefits Analysis for Section 10 permits

cc: J. Chapnman, G MPherson, B. Bower, E. Leitzinger, D. Cannanela, R
Ki ef er

This represents our last |ook at conparative production trends before and
after the Sawtooth and McCall prograns cane on line. As you recall, our previous
anal ysis was cursory and prepared in response to the Recovery Teanis concern
about negative hatchery effects. Paul Sankovich and | exam ned the databases and
assunptions nmore thoroughly for this analysis and cane up with essentially the
same picture as before.

The information illustrates that Sawtooth and MCall hatcheries have at
| east slowed the decline of total adults produced in the upper Salnmon and South
Fork Salmon rivers. Interestingly, much of this relative benefit is represented
by natural spawning in sections inmediately below the weirs. | assume that this
is fromjuvenile "fallout" from natural spawning i medi ately above the weirs and
adult “fallout" from weir effects and smolt releases near the weirs
Regrettably, natural production above the weirs has not increased significantly
following hatchery integration. This should not be surprising because disna
return rates for both hatchery and natural fish continue to preclude appreciable
recovery of natural fish. On a brighter note, we see no indication that the
hatchery prograns have contributed to the decline of naturally reproducing
sal mon.

This analysis is a good approach to assess gross relative changes in
production and should be useful in assessing benefits and risks for Section 10
permts. I enphasi ze, t hough, t hat conplex inferences are probably
i nappropriate. The analysis looks only at relative changes in fish nunbers
(redds or females) and assumes that changes in habitat and general stock
productivity characteristics are stable across reaches. The analysis does not
directly address other potentially inportant factors, such as changes in spawni ng
distribution within reaches, age structure, disease carriers and genetics. These
may present nore chronic inpacts than our analysis and database are capabl e of
det ecti ng.

Pl ease let me know i f we can assist further.



Relative Change

Comparative Declines in Production
After Sawtooth Hatchery

Redds below weir (35% decline)
(control + fallout)

Females to weir (61% decline)

Redds in Marsh Cr. (75% decline)
(control)

Redds above weir (81% decline)

\ Redds in U. Valley (95% decline)
(control)

Pre
Sawtooth

Post
Sawtooth



Explanations of Figure " Comparative Declines in Production after
Sawtooth Hatchery"

Hat chery benefits to total adult production can be seen in

the slower decline in fenales to the weir, and redds bel ow
the weir, relative to redds in Marsh and upper Valley
creeks. Because the stock is still operating at bel ow

repl acenent (H & N conbi ned) this benefit has not been
tr?nslated into increased natural production above the weir
yet .

Esti mates represent nmean count before weir (1960-1980)
conpared to nean count after weir (1981-1992).

Sawmt oot h weir was constructed near the m ddl e of one of
the redd count trend areas used through 1984. To make
useful conpari sons above and bel ow the weir, we assunmed 15%
of the redds counted in that trend area (from 1960-1984)
were below the future weir site (K Ball, |DFG persona
comuni cation). W corroborated this estimte by

cal cul ating the proportion of redds upstream (81% and
downstream (19% of the weir (within the 1960-1984 trend
area) in 1985--the first year the 1960-1984 trend area was
split into two trend areas. W nultiplied the nunmber of
redds upstream of the weir by three before cal culating the
proportions, since only one-third of the females arriving
at the weir were rel eased upstream Hatchery effects on
redd distributions should have been m ninmal in 1985.

We estimated the nunber of females returning to the future
weir site prior to 1981 by cal cul ating the nunber of redds
above the weir per female rel eased from 1985-1992. W
applied this conversion factor to the nunber of redds
upstreamof the weir site from 1960-1980 in order to obtain
an estimate for the nunber of fenmales returning to the site
before the weir was constructed.

Marsh Creek and upper Valley Creek probably represent the
best controls. Use of Valley Creek is cautioned because
bottl enecks resulting from|ow escapenents to upper Valley
Creek (nmean=9 redds/year counted) m ght be causing further
depression of redd nunbers in recent years.

Redd counts for Marsh Creek include redds in Knapp,
Capehorn, and Beaver creeks.

"Redds bel ow weir" probably represents significant

juvenile and adult fallout fromthe Sawtooth program (i.e.
fry/parr produced fromredds just above the weir em grate
to, Inprint, and return to the section below the weir; a



Expl anati ons, Sawt ooth Hatchery Benefits - conti nued

portion of the hatchery juveniles released at the weir
Inmprint on, and return to, the section below the weir; or
adul ts destined for upper reaches spawn bel ow the weir
because of weir effects).

Statistical Conparisons.

- Marsh Creek (control) was significantly higher
(p=0.011) than upper Valley Creek (control). W
recommend using Marsh Creek as the control for other
conpari sons because of the extrenely | ow escapenents
into upper Valley Creek di scussed previously.

— The hatchery programhas resulted in
significantly nore (p=0.000) redds bel ow the weir
(adult and juvenile fallout) than woul d be expected
wi t hout the hatchery.

- Femal es to the weir (p=0.142) and redds above the
weir (p=0.513) are not significantly different than
woul d be expected w thout the hatchery.

— The hatchery program has benefitted relative
production below the weir significantly nore than
relative production to the weir (p=0.003) and above
the weir (p=0.000).

— The hatchery program has benefitted relative
production to the weir significantly nore (p=0.023)
than rel ative production above the weir. As
di scussed earlier, one reason natural production
above the weir hasn't kept pace is because the
entire program (H and N conbi ned) remains bel ow
repl acenent due to excessive snolt-to-adult
nortality. Thus the initial "investnment" of bringing
natural fish into the hatchery has not been "paid
back" yet.



Relative Change

Comparative Production
After McCall Hatchery

Females to weir (37% increase)
/ Redds below weir (17% increase)

(fallout; Dollar Creek Area)

Redds in Secesh (24% decline, control)

Redds above weir (50% decline)

Redds in Oxbow/Poverty Flat
(57% decline, control)
Redds in Johnson (72% decline, control)

Redds just above EFSF (77% decline, control)

Pre
McCall

Post
McCall



Explanations of Figure " Comparative Production after M cCall Hatchery"

— The hatchery benefit in total adult production appears
strong, even if Secesh/Lake Creek is used for the control
The reason that natural production above the weir hasn't
kept pace may be because this increase is still being
absorbed primarily to fill the hatchery. |If escapenents
i ncrease to the point that hatchery needs are surpassed,
then the 33%ceiling rate for natural production wll
I ncrease by the surplus (e.g over 50% of adult returns were
passed over the weir during 1992).

— Estimates represent nmean count before weir (1960-1979)
conpared to nean count after weir (1980-1992).

— The South Fork weir was constructed near the upper end of
one of the redd count trend areas used from 1960-1983. To
make useful conparisons above and below the weir, we
assuned no redds were |ocated fromthe weir site up to that
trend area' s upper boundary (Knox Bridge) prior to 1985.

— W estimated the nunber of fenmales returning to the future
weir site prior to 1980 by cal cul ati ng the nunber of redds
above the weir per fermale rel eased from 1980-1992. W
applied this conversion factor to the nunber of redds
upstreamof the weir from 1960-1979 in order to obtain an
estimate for the nunber of females returning to the site
before the weir was constructed.

— "Redds bel ow the weir" probably represents considerable
%uven|le and adult fallout fromthe MCall program(i.e.

ry/ parr_produced fromredds just above the weir emgrate
to, Inprint, and return as adults to the section bel ow the
welr; a portion of the hatchery juveniles rel eased at Knox
Bridge inprint on, and return to, the section bel ow the
weir; or adults destined for upper reaches spawn bel ow t he
wei r because of weir effects). Spawning in this section is
concentrated near Dol |l ar O eek, where Don Anderson believes
substantial fallout spawning is occurring.

— Redd counts for the Secesh River include redds in Lake
Cr eek.

— Best use of the control streanms is open to interpretation;
we do not believe sufficient data is avail able to anal yze
for possible covariate or confounding factors. The Secesh
R ver/Lake Oreek production decline seens |ow, but it may
reflect better habitat conditions because those streans
were not part of the blow out event that occurred in the



Expl anati ons, MCall Hatchery Benefits - continued

m d-70"s. Chronic habitat effects fromthis event may
continue to be a key factor in Poverty Flats and bel ow.

Stanistical conpari sons support what is obvious fromthe
gr aph.

No significant difference (p>0.469) anong three contro
areas (Oxbow Poverty Flats, Johnson Creek and SFSR j ust
above the East Fork).

The Secesh section was slightly higher (p=0.029) than
the other control sections (pooled).

| f we use Oxbow Poverty Flats, Johnson, and EFSF
sections as controls:

— Redds below the weir (Dollar Creek; fallout) and
females to the weir are significantly higher
(p=0.000) than woul d be expected wi thout the hatchery
program

— Redds above the weir are not significantly
different (p=0.396) fromwhat woul d be expected
W t hout the hatchery program

|f the Secesh is used as control:

— Females to the weir is significantly higher
(p=0.016) than expected w thout the hatchery.

— No significant change in the redds above (p=0.353) or
redds below (p=0.164) the weir can be attributed to
t he hatchery program

There is no significant difference (p=0.420) in the effect
of the hatchery program on the nunbers of redds bel ow the
weir vs. females to the weir (i.e. considerable fallout of
adul ts and juveniles).

Benefits fromthe hatchery program (in fish nunbers) are
significantly higher for females to the weir (p=0.001) and
redds bel ow the weir (p=0.009) conpared to redds above the
weir.



Appendix B. Hypothetical scenarios illustrating management of natural, supplementation, and reserve fish groups
returning to compensation hatcheries and natural production areas in Idaho.

Note: Scenatios treflect three levels of current natural variability associated with "system" productivity:
High system productivity represents good flow years, Typical

system productivity represents average flow years,
Poor system productivity represents low flow years (e.g., drought).

Parameters used for Modeling Three Production Scenarios

Note: Criteria, thresholds, and capacities are hypothetical and used for illustrative purposes only.

Local Habitat Capacity: 150 k smolts, 870 adults (390 females)
Minimum Threshold-naturally spawning adults: 122 adults (55 females)

Hatchery Straying Threshold: 10% of adjacent local populations
Hatchery Capacity: Original Design- 1,100 k smolts Optimal

Smolt Quality- 900 k smolts
Meet Straying Threshold- 800 k smolts (224 adult females)

z 67 % of natural adults allowed to spawn naturally

533 % of natural adults retained for supplementation broodstock z
50% of supplementation broodstock is natural adults 50% of natural
broodstock is natural adults

Fish Group
Hatcherv
Reserve Supplementation Natural
430 100 100
Parameter
Initiad, At Return 4,700 4,700
Fecundity 10% 10% 10%
% Jacks 50% 50% 50%
% Females without Jacks 5% 5% 5%
Prespawn Mortalities Egg 80% 80% 9%,
to Smolt
Progeny:Parent Ratio (variable) Average L L1 0.9:1
system productivity (typical
flow year) 1.3:1 1.3:1 1.1:1
High system productivity
(good flow year) 0.8:1 0.8:1 0.6:1
Low system productivity
(poor flow year)
Smolt to Adult (variable) 0.07% 0.07% 0.50%
Average system productivity 0.08% 0.08% 0.60%
High system productivity Low 0.05 % 0.05 % 0.33 %

system productivity
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HYPOTHETICAL SCENARIO 1

Mid range of current system productivity, with natural fish slightly below replacement
levels and hatchery fish slightly above replacement. Supplementation increases natural
production by 60%. Reserve bank is used to augment supplementation broodstock.

Harvest is not required to manage reserve fish escapement.

RESERVE

SUPPLEM.

NATURAL

Initial 430 adults 100 adults 100 adults
Escapement | 194 fem.(F) 45 fem.(F) 45 fem.(F)
b
'i 60 F
194 F 2 30 F
Broodstock 1; (15% seeding)
|
Smolts 690 k 110 k ‘ 24 k
483 adults® 77 adults , 120 adults
Escapement 217 F 35 F | 54 F t
L |
PN ST
v D\ A A v
Broodstock 199 F 2 36 F F

(18% seeding)

aUtitize partial spawn from natural males in supplementation broodstock

b S .
Surplus (24 adults) well within likely predictor confidence limits.
Therefore, harvest not anticipated for control of escapement



HYPOTHETICAL SCENARIO 2

Low range of current system productivity, with natural fish well below replacement
levels and hatchery fish slightly below replacement. Supplementation increases natural
production by 20%. Reserve bank Is used to augment supplementation broodstock and
maintain number of naturally spawning fish above critical threshold (55 females),
Harvest is not required to manage reserve fish escapement.



Initial
Escapement

Broodstock

Smolts

Escapement

Broodstock

RESERVE SUPPLEM. NATURAL
430 adults 100 adults 100 adults
194 fem.(F) 45 fem.(F) 45 fem.(F)

o
194 F @ 30 F 60 F
(15% seeding)
690 k 110 k 24 k
345 adults® 55 adults 79 adults
155 F 25 F 35 F

I
25 F 12 F
12F\7F 23 F

136 F 2

24 F

55 F
(14% seeding)

aytilize partial spawn from natural males in supplementation broodstock

b ‘ X
No harvest required to control escapement of reserve fish

(150 adult deficit for hatchery rearing target).



HYPOTHETICAL SCENARIO 3

High range of current system productivity, with natural fish slightly above replacement
Supplementation increases natural
production by 70%, Reserve bank is used to augment supplementation broodstock.
Harvest is required to manage reserve fish escapement.

levels and hatchery fish well above replacement.

Initial
Escapement

Broodstock

Smolts

Escapement

Broodstock

RESERVE

SUPPLEM.

NATURAL

430 adults
194 fem.(F)

100 adults 1
45 fem.(F)

{

100 adults
45 fem.(F)

|

30 F 15 F
15 F‘ X lao F

194 F @ 30 F 60 F
(15% seeding)
690 k 110 k 24 k
b g
552 adults 88 adults | 144 adults
248 F 40 F 1 65 F

40 F 21 F
44 F
2\

182 F 2

42 F

84 F
(22% seeding)

ayUtilize partial spawn from natural males in suppiementation broodstock

bHarvest of 150 adults to control escapement of reserve fish.




